Objective: The purpose of this study was to evaluate the prognostic importance of the sequencing of radiation therapy and chemotherapy after mastectomy in high-risk premenopausal women with breast cancer in addition to other known prognostic factors in the literature. Methods: In this retrospective study, 176 premenopausal women with breast cancer were evaluated. The median age at referral was 39 years (range, 28-59 years); 106 patients had stage II and 70 had stage III disease. All were subjected to mastectomy. The median number of lymph nodes removed was 19. The influence of age, histological grade, number of nodes removed, number of positive nodes, tumor size, estrogen receptor status, lymphovascular invasion and sequencing of radiotherapy and chemotherapy on 5-year locoregional diseasefree survival, 5-year systemic disease-free survival, 5-year disease-free survival and 5-year cancer-specific survival were studied.
INTRODUCTION
The determination of the optimal sequencing of radiotherapy (RT) and chemotherapy (CT) after mastectomy or breastconserving surgery is an extremely timely topic in patients with breast cancer. Randomized trials evaluating the value of optimal sequencing of RT and CT have shown that delaying RT for several months after breast-conserving surgery until the completion of adjuvant systemic CT appears safe and may be preferable for patients at high risk of distant dissemination (1) (2) (3) .
Historically, most institutions have delivered CT followed by RT in post-mastectomy patients. This conventional sequencing is based on the ability of CT to reduce metastatic spread in women with positive and negative nodes and the lack of a survival benefit from the use of post-mastectomy radiotherapy (PMRT). However, this argument may not hold, given the recent findings of PMRT trials. A meta-analysis of 18 randomized trials, which included results from Danish trials, revealed a decrease in overall mortality in premenopausal women who received PMRT (4) (5) (6) (7) . The question of whether conventional sequencing is optimal is intriguing, especially given that Danish and British Columbian trials yielded significant survival benefit in favor of RT in which RT was delivered between successive cycles of drugs rather than at the completion of CT (8) .
The purpose of this study was to evaluate the prognostic importance of the sequencing of RT and CT after mastectomy in high-risk premenopausal women with breast cancer in addition to other known prognostic factors in the literature.
PATIENTS AND METHODS

PATIENTS' CHARACTERISTICS
Between 1993 and 1997, 197 premenopausal women with breast cancer were treated by PMRT and CT in our institution. The median age at referral was 39 years (range, 28-59 years). Twenty-one patients were censored from this analysis for the following reasons: death from congestive heart failure at <3 months following therapy (n = 1) and patient records which lacked pertinent information (n = 20). For the remaining 176 patients, the minimum follow-up was 9 months, the median was 63 months and the maximum was 101 months.
The primary surgical treatment, performed by specialists, was mastectomy and axillary dissection. Six patients had radical mastectomy (RM), 136 had modified radical mastectomy (MRM) and 34 had total mastectomy (TM).
Overall, a median of 19 lymph nodes were removed. The specimens and histopathological slides of all the tumors were reviewed by the same pathologist. All of the 176 patients had infiltrating ductal carcinomas according to the WHO histological typing system (9) . Tumor histopathological grade was scored as grade I (n = 44), grade II (n = 62) or grade III (n = 70) according to the system of Bloom and Richardson (10) . Six patients had T1 tumors, 106 had T2, 56 had T3 and eight had T4 disease according to the UICC staging system (11) . The median tumor size as measured pathologically was 4 cm, range 1.5-6 cm. Thirty-eight patients had estrogen receptor (ER)-positive disease and 138 patients had ER-negative disease. Of the 176 patients, 52 had peritumoral lymphatic and/or vascular invasion.
POST-MASTECTOMY RADIOTHERAPY
PMRT was used for patients who had one or more of the following: positive axillary lymph nodes or gross extracapsular tumor extension, a tumor size of >4 cm, invasion of the cancer to skin, pectoral fascia or skeletal muscle, positive or very close surgical margins, undifferentiation of tumor, peritumoral lymphatic and/or vascular invasion (LVI).
Radiotherapy first, followed by four or six cycles of CT, was given to 40 patients; and CT first was given 136 patients. Of the 136 patients who were given CT first, 82 received three cycles of CT first, followed by RT and three additional cycles of CT (sandwich therapy); and 54 received six cycles of CT first, followed by RT. For patients who were treated with CT first, RT started within 2 weeks after the third or sixth cycle of CT. They completed the RT within 5 weeks and, after a rest of 2 weeks, continued with the CT regimen. The median interval between the breast surgery and the start of radiotherapy was 12 weeks, range 3-20 weeks (4 weeks for the RT-first group and 20 weeks for the CT-first group).
In all patients, megavoltage equipment was used, with a cobalt-60 unit. Radiotherapy was delivered to the chest wall, including the surgical scar and regional lymph nodes (i.e. supraclavicular, infraclavicular and axillary nodes as well as internal mammary nodes). The chest wall was irradiated through two tangential fields and received a median absorbed dose in the target volume of 50 Gy, given in 25 fractions over a period of ~5 weeks. The regional lymph nodes were irradiated through an anterior axillary-internal mammarysupraclavicular field and received a dose of 50 Gy at a depth of 3 cm. The mid-axilla received a dose of 50 Gy through direct anterior field with a posterior axillary boost. All the fields were treated daily and immobilization techniques were used as required. Treatment duration ranged from 33 to 40 days. The majority of the 176 patients completed their treatment without interruption.
CHEMOTHERAPY
Patients who had £3 positive nodes and cardiac disease were treated with a combination of cyclophosphamide (600 mg/m 2 body surface area, day 1), methotrexate (40 mg/m 2 , day 1) and fluorouracil (600 mg/m 2 , day 1), intravenously (i.v.) every 4 weeks. The remaining patients were treated with a combination of cyclophosphamide (500 mg/m 2 i.v., day 1), adriamycine (50 mg/m 2 i.v., day 1) and fluorouracil (500 mg/m 2 i.v., days 1 and 8), every 4 weeks. Thirty-eight patients who had ER-positive disease also received tamoxifen (20 mg per day) in addition to CT.
FOLLOW-UP
Patients were followed up with clinical examination 1 month after completing RT and CT, every 3 months during the first 3 years and every 6 months thereafter. Follow-up chest radiography, blood studies and imaging studies were performed as required.
END POINTS
We studied the following end points: Any locoregional recurrence (LRR) (chest wall or regional lymphatics) for the analysis of locoregional disease-free survival; any systemic relapse for systemic disease-free survival; any relapse of breast cancer (locoregional or systemic relapse) for the analysis of diseasefree survival; death from breast cancer for the analysis of breast cancer-specific survival.
COMPLICATIONS
Chemotherapy complications were evaluated according to the Common Toxicity Criteria (CTC) (12) .
STATISTICAL ANALYSIS
Survival curves were constructed using the Kaplan-Meier method with statistical significance assessed by the log-rank test. Univariate and multivariate analysis were performed using the Cox logistic regression method (13) . All P values were two-tailed; a value of £0.05 was considered significant. The date for the evaluation of recurrence and survival was February 1, 2003 , so that the median potential follow-up was 63 months. The patient, tumor and treatment-related variables studied are detailed in Table 1 .
RESULTS
LOCOREGIONAL DISEASE-FREE SURVIVAL
Twelve patients experienced LRR during the time period studied. The median time to LRR was 25 months from the first treatment date (range, 17-62 months). Only three recurrences occurred in the regional lymphatics; the remainder lay within the chest wall. Regional involvement included lymph nodes in the supraclavicular (n = 2) and axillar regions (n = 1).
The 5-year locoregional disease-free survival was 94%. On univariate analysis, histological grade, number of nodes removed and patient age were significant independent predictors of outcome (Table 1) . On multivariate analysis, none of the evaluated factors was prognostically significant for locoregional recurrence (Table 2) . Only a non-significant trend towards increased risk of locoregional recurrence in patients £10 nodes removed when compared with those ³11 (P = 0.0558) was found.
SYSTEMIC DISEASE-FREE SURVIVAL
Fifty-four patients experienced disease recurrence at distant sites. Among patients experiencing distant recurrence, the median time to metastasis was 27 months (range, 7-83 months). Sites of involvement with metastatic breast cancer included the lung only (n = 22), bone only (n = 19), liver only (n = 3), brain only (n = 1), adrenal gland only (n = 1), lung with bone (n = 3), brain (n = 2) and liver (n = 2) and liver with bone (n = 1).
The 5-year systemic disease-free survival was 72% for the entire patient population. On both univariate and multivariate analysis, the presence of ³10 positive axillary nodes, grade III tumor, ER-negative disease and sandwich therapy, were independent poor risk factors for systemic recurrence (Tables 1  and 2 ). 
DISEASE-FREE SURVIVAL
During the follow-up, breast cancer had recurred in 56 patients. The median time to recurrence was 27 months from the first treatment date (range 6-83 months). Of the 56 patients with recurrences, the disease returned locoregionally as a first event in 10 and systemically in 46 patients. The 5-year disease-free survival was 70% for the entire patient group. On both univariate and multivariate analysis, the presence of ³10 positive axillary nodes, grade III tumor, ERnegative disease and sandwich therapy were associated with increased risk of recurrence of any type (Tables 3 and 4) . Patients delivered sandwich therapy had a higher risk of any type of recurrence than those delivered RT first followed by CT or CT first followed by RT (Fig. 1) .
CANCER-SPECIFIC SURVIVAL
Forty-eight patients with distant metastasis were dead of the disease at the time of this analysis. The median time to death was 39 months from the first treatment date (range 9-92 months).
The 5-year breast cancer-specific survival was 77%. On multivariate analysis, the presence of ³10 positive axillary nodes, grade III tumor, ER-negative disease and sandwich therapy were independent poor risk factors for death from breast cancer (Table 4) . Again, patients delivered sandwich therapy had a higher risk of dying of breast cancer compared with those delivered RT first followed by CT or CT first followed by RT (Fig. 2) . 
COMPLICATIONS
RADIOTHERAPY
Twenty-eight patients developed transient complications. Seventeen of these patients had complications such as erythema and/or dry desquamation which did not require treatment. Eleven patients had early complications which required treatment. Four of these patients had moist desquamation and seven had symptomatic pneumonitis. Nineteen patients developed late complications. There was arm edema in five patients, apical pulmoner fibrosis in 10 and telangiectasias in four.
CHEMOTHERAPY
No grade 3 or 4 toxicities were observed in any group. There is no statistically significant difference between the three groups for grade 1 and 2 toxicities. None of the evaluated factors was prognostically significant for complications.
DISCUSSION
The number of positive lymph nodes is the most important histological prognostic factor of both disease-free survival and overall survival in patients with breast cancer. The influence of positive axillary nodes on the outcome has been demonstrated in both patients treated with mastectomy and adjuvant systemic CT and patients treated with PMRT in addition to adjuvant systemic CT (5, 6, 10) . This has also been documented in our study.
Despite being poorly reproducible in nature, it has been demonstrated that histological grade is an important prognostic factor (14, 15) . This was also documented in our study.
Another important histological prognostic factor in determining the outcome is tumor size (4, 16) . The findings of our study showed that tumor size was not a significant prognostic factor. This conclusion should be treated with caution because of the unequal sample size of groups of tumor size £2, 2-5 and ³5 cm.
Although estrogen receptor status correlates with prognosis, it does so only weakly. Furthermore, several studies have reported that estrogen receptor is a prognostic factor for 5-year disease-free survival, although the curves tend to merge with longer follow-up (17, 18) . In our study, ER-negative disease, in agreement with other studies, was a poor risk factor for any type of recurrence.
Locoregional control of breast cancer following RT and CT may be a function of interrelated patient, tumor and treatment factors. However, the small number of locoregional recurrences made the identification of those which were most important by Cox regression modeling impossible in our study.
As is well known, axillary dissection is principally recognized as a prognostic, rather than therapeutic, procedure. It has been reported that at least 6-10 nodes need to be removed to avoid misclassification and to optimize local control. The number of axillary nodes removed in Danish trials was less (median, seven nodes) than that removed in US trials and the rates of locoregional recurrence, especially axillary recurrences, observed in these trials were greater than observed in the US series (4, 5, (19) (20) (21) (22) . In our study, patients with <10 nodes removed had a higher risk of locoregional recurrence than those with ³11 nodes removed. However, the influence of number of nodes removed on locoregional control was not statistically significant (P = 0.0558).
Our results indicate that in addition to the traditional prognostic factors, the sequencing of RT and CT also predicts the risk of any type of recurrence or tumor death. Retrospective reviews of patients treated with either mastectomy or breastconserving surgery examining the influence of the sequencing of RT and CT on outcome have shown conflicting results (23) (24) (25) (26) . Only one trial has been conducted specifically to evaluate the question of optimal sequencing after breast-conserving surgery (27) . A multivariate analysis of factors affecting the results identified margin status and number of positive nodes as the only statistically significant factors predicting recurrence. To our knowledge, there has been no clinical trial specifically testing the effect of sequencing of RT and CT in post-mastectomy women.
A theoretical concern about the sandwich approach is that clones of tumor cells could grow during the period of RT, making the remaining cycles of CT ineffective. Although this is a valid concern, there are no clinical data to support it. In our study, a significant decrease was seen in disease-free survival in the arm using sandwich therapy. The disease-free survival rates were 74% in the arm with RT first, 85% in the arm using CT first and 60% in the sandwich therapy arm (P = 0.001). Corresponding estimates for systemic disease-free survival were 75, 86 and 62%, respectively (P = 0.003). For cancer-specific survival, corresponding estimates were 84, 86 and 66%, respectively (P = 0.01).
However, our study is not a randomized trial. The poor results in the sandwich arm may be related to the patient selection; patients with ³10 positive axillary nodes, grade III tumor and ER-negative disease. It may also be due to the chemotherapy regimens used. Hence we detected the patient characteristics and chemotherapy regimens used in the sandwich arm taking these possibilities into account. The results are shown in Table 5 . As can be seen, the distributions of the patients' characteristics and the chemotherapy regimens used were grossly similar in all groups.
The patients group which constituted the basis of our analysis is relatively homogeneous. All 176 patients had stage II-III breast cancers and were treated by PMRT and adjuvant systemic CT. However, the number of patients is small and it was not a randomized study. Also, late recurrences, deaths and late complications such as cardiac toxicity will be missed because some of the patients had at least 5 years of follow-up. In addition to the presence of ³10 positive axillary nodes, high tumor grade, ER-negative disease and the sequencing of RT and CT significantly affected any type of recurrence or tumor death in this group of patients.
In conclusion, our results indicate that in addition to traditional prognostic factors, the sequencing of RT and CT also predicts for outcome and that sequential therapy using CT followed by RT or RT followed by CT may result in improved overall survival, compared with sandwich therapy.
